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d i s i n t e g r a t e d  i n t o  an i s o l a t e d  shower, o r  i s o l a t e d  showers w i l l  develop 
i n t o  a band, and s o  f o r t h . "  From the  synop t i c  po in t  of view, t h e n , t h e  
ins tan taneous  d i s t r i b u t i o n  of p r e c i p i t a t i o n  i s  a random sample of a 
func t ion  whose average va lue ,  computed over  s e v e r a l  hours or  s e v e r a l  
thousand square m i l e s ,  i s  correlated with  t h e  e x i s t i n g  p res su re  and 
temperature  f i e l d s  and, hence, w i t h  t h e  major c loud sys t ems .  A r ecen t  
paper by Nagle (12) comparing p r e c i p i t a t i o n  pa t  t e r n s ,  i n t e g r a t e d  over  
periods of up t o  s i x  hours ,  w i t h  TIROS photographs i l l u s t r a t e s  t h i s  
po in t  q u i t e  c l e a r l y .  Examination of cases  i n  which c l o s e  agreement 
e x i s t s  betwe'sn synopt ic-Pcale  weather maps and ins tan taneous  p r e c i p i t a t i o n  
p a t t e r n s  shows t h a t  each one u s u a l l y  involves  a l a r g e ,  i n t e n s e  mesosystem, 
which e f f e c t i v e l y  c o n s t i t u t e s  an e n t i r e  s torm a t  the  t i m e  of obse rva t ion ,  
e .g .  R e f .  (6;) .  

T h e r e  is another  p o s s i b i l i t y  t o  be examined, namely, t h a t  
p r e c i p i t a t i o n  echo types  could be used t o  ident . i fy  f r o n t s  and p res su re  
p a t t e r n s ,  even though t h e i r  p o s i t i o n s  could  only be estimated. S t u d i e s  
by Boucher (1.31, Ligda e t  a1 (14), and Kre i t zbe rg  (15) show t h a t  t h e r e  
i s  some c o r r e l a t i o n  between echo type and synop t i c  s i t u a t i o n ,  but  no 
c l e a r - c u t  d i s t i n c t i o n s .  For example, i n  an open-wave cyclone,  thunder- 
s torms are most a p t  t o  occur along the cold f r o n t ,  but t hey  can occur  
near  t h e  warm f r o n t  and i n  t h e  warm s e c t o r  a s  w e l l .  
would be impcssible  t o  base synopt ic  ana lyses  o f  sparse-da ta  r eg ions  
upon p r e c i p i t a t & . m  d a t a  a lone .  

-- 
-- 

Therefore ,  i t  

B. The S t a t i s t i c s  of  P r e c i p i t a t i o n  - -- 
The d i f f i c u l t i e s  i n  r e l a t i n g  shor t - l i ved  p r e c i p i t a t i o n  p a t t e r n s  

t o  synop t i c - sca l e  weather s y s t e m s  have l ed  many i n v e s t i g a t o r s  t o  use 
s t a t i s t i c a l  t e r m s  i n  desc r ib ing  p r e c i p i t a t i o n .  A u s e f u l  concept i n  
t h i s  approach is the  p r e c i p i t a t i o n  eddy spectrum, the  transgofm of the  
c o r r e l a t i o n  c o e f f i c i e n t ,  which can be computed i n  both t h e  space and 
t i m e  domains. 
t a t i o n  echoes on r a d a r  s c reens  a s  continuous,  showery, o r  mixed is  a 
d e s c r i p t i o n ,  :in q u a l t t a t i v e  terms, of t he  eddy spectrum. Analysis  of 
p r e c i p i t a t i o n  echoes has shown t h a t  t h e  space-eddy spectrum is  e s s e n t i a l l y  
cont inuous  over a range of  eddy diameters from 1 t o  500 miles, w i t h  a 
concen t r a t ion  i n  t h e  range from 50 t o  100 m i l e s  [Noel and F l e i s h e r  (IS)]. 
S i m i l a r  r e s u l t s  a r e  found f o r  t h e  time-eddy spectrum, w i t h  t h e  pe r iods  
r ep resen ted  ranging  from a minute o r  so up t o  s e v e r a l  hours .  

I t  is apparent  t h a t  the common c l a s s i f i c a t i o n  of p rec ip i -  

A s  one proposed weather radar  s a t e l l i t e  system (5) c a l l s  f o r  
obse rva t ions  i n  a 20-mile swath,  study of t h e  c o r r e l a t i o n  of marit ime 
p r e c i p i t a t i o n  echoes i n  20-by-20 mile b locks  has  bben c a r r i e d  out  t o  
e v a l u a t e  the  use fu lness  of such observa t ions .  The datum studged was t h e  
number of  4-by-4 m i l e  e lements  i n  each block con ta in ing  p r e c i p i t a t i o n  
echoes.  Computations of c o r r e l a t i o n  and a u t o c o r r e l a t i o n  c o e f f i c i e n t s  
were made f o r  p i cke t  s h i p  s t a t i o n s  off Vancouver I s l a n d ,  Oregon, and 
C a l i f o r n i a .  
F i g .  2 .  No s i g n i f i c a n t  improvement in  estimates of t h e  number of e lements  
c o n t a i n i n g  echoes i s  p o s s i b l e  f o r  areas  more than 50 m i l e s  from t h e  r eg ion  

The r e s u l t s  of t h e  s p a t i a l  c o r r e l a t i o n  s tudy  are shown i n  
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observed. The a u t o c o r r e l a t i o n  c o e f f i c i e n t s  {not  shown) i n d i c a t e  t h a t  
u s e f u l  e x t r a p o l a t i o n  i n  t ime,  i . 'e .> p e r s i s t e n c e  f o r e c a s t i n g ,  i s  l i m i t e d  
t o  about an hour.  

A t r i a l  w i t h  40-by-40 m i l e  blocks y i e l d e d  e s s e n t i a l l y  the 
same r e su l t s .  Th i s  sugges ts  t h a t ,  i n  many cases ,  t h e  long wavelength 
components of t h e  eddy spectrum are of n e g l i g i b l e  importance,  and t h a t  
observa t ions  i n  a wide swath o f ,  say ,  100 miles cannot  be e x t r a p o l a t e d  
much f u r t h e r  t han  those  i n  a 20-mile swath. 

The decrease  i n  a u t o c o r r e l a t i o n  c o e f f i c i e n t s  is due i n  p a r t  
t o  t r a n s l a t i o n a l  e f f e c t s .  Hoiiever, adopt ion of a frame of r e fe rence  
moving wi th  t h e  p r e c i p i t a t i o n  6:ements merely slows the  dec rease ,  r a t h e r  
than prevent ing  i t .  Some improvement over mere p e r s i s t e n c e  f o r e c a s t i n g  
can be achieved w i t h  r a d a r  d a t a  from ground s t a t i o n s  by e x t r g p o l a t i n g  
positffions of ce l l s  and mesosystems using observed v e l o c i t i e s  [Wilson 
and Kess le r  (1711. However, no determinat ion of c e l l  v e l o c i t i e s  can 
be macle from a s i n g l e  s a t : e l l i t e  speeding p a s t  a t  s e v e r a l  m i l e s  per  second. 

3 .  P0SSI:BLE APPLICATIONS OF PRECIPITATION DATA FROM SATELLITES 

The p o t e n t i a l  va lue  of p r e c i p i t a t i o n  d a t a  from s a t e l l i t e s  i n  l o c a l ,  
mesoscale,  and synopt ic -sca le  a p p l i c a t i o n s  w i l l  now be considered.  The 
informat ion  could conceivably have ope ra t iona l  or r e s e a r c h  va lue ,  o r  
bo th ,  i n  any one of  t h e s e  s ize  range:;. 

Any device  used t o  observe p r e c i p i t a t i o n  s y s t e m s  on a given s c a l e  
should up-date i t s  information seve ra l  times dur ing  t h e  l i f e t i m e  of such 
systems. If i t  does no t ,  i t  cannot provide a r e l i a b l e  input  to opera- 
t i o n a l  t han  cl . imatological  d a t a  f o r  t h e  r e sea rch  worker. 

A s i n g l e  s a t e l l i t e  i n  a polar  o r b i t ,  r e t u r n i n g  t o  a given p a r t  of 
t h e  e a r t h  t w i c e  each day, i s  obviously unsu i t ed  t o  observa t ion  of l o c a l  
and mesoscale p r e c i p i t a t i o n  s y s t e m s ,  r e g a r d l e s s  of' the  ins tan taneous  
coverage i t  provides .  Complex o r b i t s  could be worked out  t o  improve 
coverage i n  c e r t a i n  a r e a s  a t  c e r t a i n  t i m e s .  The t i m e  i n t e r v a l  between 
obse rva t ions  i n  a p a r t i c u l a r  p a r t  of  the world cannot be reduced t o  
less than  one q b i t a l  per iod ,  however, and t h i s  i n t e r v a l  cannot be 
maintained i n  any given a r e a  f o r  more than a f e w  o r b i t s  a t  a t i m e .  
Therefore ,  p r a c t i c a l  a p p l i c a t i o n s  f o r  p r e c i p i t a t i o n  d a t a  from s a t e l l i t e s  
must be sought on t h e  synopt ic  s c a l e .  Th i s  makes sense  i n  another  way. 
A s a t e l l i t e ' s  nost obvious advantage is i t s  a b i l i t y  t o  probe remote areas, 
and i t  is  a g e i e r a l  r u l e  i n  weather observing t h a t  i n t e r e s t  i n  d e t a i l  
d iminishes  w i t l i  d i s t ance .  For example, an o p e r a t i o n a l  meteoro logis t  i s  
i n d i f f e r e n t  t o  mesoscale s t r u c t u r e  of a s torm 1,000 m i l e s  away from the  
a r e a  f o r  which he is  t o  i s s u e  f o r e c a s t s .  

For obse rva t ions  on t h e  synop t i c  s c a l e ,  t h e  motion of t h e  s a t e l l i t e  
becomes a handi.cap, r a t h e r  than  an a s s e t .  I f  t h e  r a d a r  proposed i n  
Ref. 5 could  view a 20-mile s t r i p  cont inuous ly ,  i t  could average over 
t i m e  t o  f i l t e r  ou t  l o c a l  v a r i a t i o n s  and assess the  l a rge - sca l e  systems 
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passing through. On an instantaneous basis, however, a 20-mile cut 
through a cluster of showers can yield results indistinguishable from 
those obtainable from a f ia jor  frontal storm. If a satellite radar o r  
other precipitation-monitoring device is to provide a significant input 
to synoptic meteorology, either for operational or  research applications, 
its coverage must be on a broad scale, in swaths several hundred miles 
wide. 

For operational purposes, the data would have to be up-dated once 
every hour or so [Jones et a1 (1811, a requirement that cannot be 
satisfied by a single satellite.. If the data were to be used in 
climatological studies, less frequent up-dating yould be acceptable. 
However, it should be noted that if a radar set were used as the 
sampling device the resulting data would be of limited value, even to 
climatologists. Radar reflectivity is not a unique function of rainfall 
rate; rainPall rate estimates based upon radar measurements have inherent 
uncertainties of up to 50% in addition to those which might arise from 
equipment malfunction. Cuch data would be virtually useless in studies 
of the atmospheric heat budget, which is one suggested application for 
global precipitation data. 

-- 
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